Background: Even though the tricuspid annulus (TA) is anatomically and functionally related to right atrioventricular dependence and tricuspid annular plane systolic excursion (TAPSE) is a well-known measure of right ventricular (RV) systolic function, there is paucity of data regarding the potential impact that right atrial (RA) size and function have on TAPSE. Hence, we sought to determine whether RA volumetric and longitudinal measures affect TAPSE in patients with chronic pulmonary hypertension (cPH).
Methods:
In this retrospective study, echocardiographic data from 110 patients were reviewed and the studied population was divided into Group I consisting of 50 patients (50±11 years) without PH and Group II that included 60 patients (55±14 years) with cPH.
Results: Even though RA areas, RA fractional area change, and maximal long-axis length measurements were abnormal in cPH patients, TA tissue Doppler imaging systolic velocity and RV fractional area change were the only useful variables in identifying patients with abnormal TAPSE (P<.0001 and P=.018, respectively). Additionally, TAPSE was independent of all RA measures, left ventricular ejection fraction, and age (P>.05).
Conclusions:
Based on these results, TAPSE does not appear to be influenced by either RA size or function. Additional studies using strain echocardiography to interrogate RA mechanics might now be very useful to advance our understanding of TA motion in cPH patients given recent data showing that RA function accounts for a significantly greater proportion of total right heart function in patients with cPH than in normal subjects.
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| INTRODUCTION
Our laboratory has previously demonstrated that mechanical systolic function of the atria and the ventricle is more closely coupled on the right side of the heart than on the left. 1 However, whether this coupling is either the result of anatomic linking or chamber geometry was never clarified.
Chronic pulmonary hypertension (cPH) is known to trigger a series of right ventricular (RV) anatomical and functional remodeling changes as a result of worsening pulmonary vascular resistance. 2 Specifically, increasing right ventricle (RV) afterload induces its progressive dilatation and hypertrophy resulting in gradual decline of RV systolic function, the main determinant of morbidity and mortality. [3] [4] [5] [6] These remodeling changes also cause tricuspid annular dilation that not only worsens tricuspid regurgitation, but also contributes to the development of right atrial (RA) enlargement. [7] [8] [9] As most efforts in cPH have been centered in studying RV hemody- heart function in patients with cPH than in normal subjects. 16 
| METHODS

| Study group
In this retrospective study, a database from 110 echocardiograms was queried. Each echocardiography represented an independent patient referred to our echo laboratory for diagnosis, management, or followup of any suspected or known heart disease. A consecutive sampling technique was implemented to obtain the study sample that was later divided into two groups. Group I consisted of 50 patients (50±11 years) with normal pulmonary artery systolic pressures (PASP<40 mm Hg) while Group II included 60 patients (55±14 years; P<.04) with cPH (PASP≥40 mm Hg), as documented by echocardiography. The University of Cincinnati Institutional Board Review (IRB #12012604) gave approval for this study and no informed consent was therefore needed, as this was a retrospective analysis. Continuous-wave Doppler was utilized to record the tricuspid regurgitation jet from multiple windows, and the highest velocity was then used to estimate pulmonary artery systolic pressure using the modified Bernoulli equation and an estimate of mean RAP using the diameter and collapse index of the inferior vena cava and the hepatic venous flow pattern. 21 Right atrial measurements were performed in accordance with published guidelines recommended by the American Society of Echocardiography. 10 Specifically, RA maximal long-axis distance was taken from the center of the TA to the center of the superior RA wall, parallel to the interatrial septum. In addition, RA area was traced at the end of ventricular systole (largest volume) from the lateral aspect of the TA to the septal aspect, excluding the area between the leaflets and annulus, following the RA endocardium, excluding the IVC and superior vena cava and RA appendage. 10, 11 In a similar fashion, RA measurements were also obtained at the end of ventricular diastole (smallest RA dimension) as previously described. 11 Finally, RA fractional area change was calculated in the standard method. 
| Echocardiographic examination
| Statistical analysis
The mean±standard deviation obtained from these measurements was compared using the two-tailed Student's t test for unpaired data to determine differences between the studied groups. Shapiro-Wilk test was applied to test for normality. Correspondingly, Spearman's correlation test was used to determine the association between all measurements. A stepwise multiple linear regression analysis was then performed to determine which of the echocardiographic measurements used in the study was most predictor of maximal TA systolic excursion. Reliability of RA measurements for this patient population has already been published. 11 All statistical analyses were performed using STATA version 14.2 StataCorp, College Station, TX, USA. Pvalues of less than .05 were considered to be statistically significant.
| RESULTS
Standard echo Doppler parameters used in this study are depicted in (Figures 2 and 3 ).
To determine which of the measured right chambers echocardiographic variables was most useful in predicting TAPSE, we performed a stepwise multiple regression analysis using the studied measurements that showed significant association with TAPSE (Table 2 ). RVFAC and TA TDI systolic velocity were the only echocardiographic variables useful in identifying patients with abnormal TAPSE. Age and gender
were not included in the analysis as these variables did not show a significant association with TAPSE when Spearman's correlation analysis was performed.
Representative TAPSE M-mode images from a patient with normal pulmonary pressures and RV systolic function as well as from a cHP patient with RV systolic dysfunction are shown in Figure 4 .
| DISCUSSION
Three separate mechanisms have been used to describe RV contractility including (1) inward movement of the RV free wall, (2) longitudinal basal to apical motion of the TA, and (3) traction effect on the RV free wall as a result of left ventricular contractility, 22 being longitudinal RV shortening the mechanism that accounts for the majority of RV contraction. 23, 24 The latter mainly accounts for the predominant abundance of longitudinal RV myocardial fibers along the RV main chamber long axis 25 that is also responsible for the strong correlation seen with TAPSE. Therefore, maximal excursion of the TA in systole has been identified as an excellent surrogate measure of RV systolic function in several clinical situations. 1, 10, 11, 20, 26 In sharp contrast, the potential role that RA size or function might have on TAPSE has not received much attention. In a recent study, Sivak and associates showed that RA function contributes approximately 32% to total TA displacement. 16 This is in agreement with findings previously documented by our laboratory. 1, 19 In our study, although most of RA measures were significantly associated with T A B L E 1 Demographic and echocardiographic data of the study population It is well established that cPH causes proximal stiffening of the pulmonary artery, 27-29 which then triggers a series of RV remodeling changes that in some patients has the potential to result in RV failure, [30] [31] [32] currently considered the leading cause of death in PH. 33 The consequent increase in RV afterload raises RAP, which is not only a well-characterized hemodynamic abnormality in cPH, but also a recognized adverse outcome variable in these patients. 34, 35 An increased RA size has also been associated with adverse outcomes in cPH. 36 Neither the contribution of RA function nor size to TAPSE has been given enough attention, particularly when the TA is anatomically flanked by the RA on one side and the RV on the other.
Although with regard to the mitral annulus, Kovasc and his group best exemplified the concept of atrioventricular geometry using an idealized cylinder to emphasize the longitudinal motion of the annulus in both systole and diastole. 37 Although the same myocardial fiber arrangement between right and left heart is not applicable, the mechanistic construct of an oscillating annulus between atria and a ventricle does holds true for both annuli. Hence, it makes perfect sense to consider the potential effect of RA size and function on TA motion given that abnormalities of both RA size and function do occur as cPH worsens.
We would like to acknowledge some study limitations. apex at the end of ventricular diastole when compared to normal sinus rhythm is significantly less 1, 17, 19 and consequently the overall TAPSE magnitude will be smaller ( Figure 5 ). These differences are likely due to loss of the atrial ascent component of TA motion in the absence atrial contractility. Third, our patient population had no invasive hemodynamic data performed at the time of the echocardiogram; hence, some potentially valuable information that could have improved our correlations was not included. However, our purpose was to assess impact between echocardiographic variables. Finally, we lack speckle tracking imaging data to determine whether peak longitudinal strain or strain rate is important. Sakata and associates recently published interesting data using speckle tracking echocardiography and these investigators demonstrated that peak RA longitudinal global strain as well as peak strain rates were lower in cPH patients when compared to normal controls. 39 Unfortunately, these investigators made no comparisons between RA and RV measures to determine which of these measurements was most important in determining TAPSE.
Based on these results, our data seem to suggest that overall TA motion is mostly dependent on RV rather than RA anatomical and functional standard echocardiographic variables. From a mechanistic point of view, even when both RA and RV appear to be anatomically and functionally related to an intervening atrioventricular TA in between both chambers, the longitudinal motion of this right-sided annulus appears to be mainly driven by the predominant RV longitudinal myocardial fibers composing the main architecture of the RV chamber, rather than by the thick and prominent RA pectinate muscles.
1,18
Whether RA contribution is important in maintaining RV systolic and diastolic function requires further analysis. Similarly, the full spectrum of TA motion in relation to right atrioventricular dependence is not completely elucidated, particularly as the RV remodels and the TA dilates causing significant tricuspid regurgitation also known to affect TAPSE interpretation. 40 
